The subject of vitamines has of late occupied the attention of the biologist and biological chemist. The nature of these substances is still a matter of speculation, but the majority of workers accepts the distinction proposed by McCollum and Davis. These authors recognize two classes of substances, the fat-soluble A and the watersoluble B. A more precise definition has not been possible, because of the failure thus far to isolate and identify the respective compounds. Their presence can be detected only by the effect they produce on the growing organism, usually the white rat. By noting the effect of the addition of various substances to a balanced vitamine-free diet, one can obtain a rough indication of the concentration of food accessory substances in the added material.
Flack showed that they were essential also for the growth of the meningococcus. Evidently neither of the organisms can multiply actively in the absence of these substances.
The object of this paper is to report experiments bearing on (a) the effect of vitamines on the growth of a number of organisms pathogenic for man; (b) the distribution of these substances in animal tissues; and (c) the relative significance of the fat-soluble A and watersoluble B in the cultivation of these microorganisms. At present there are few data bearing on these questions in relation to bacteria.
"EXPERIMENTAL.
Methods.
In the course of the investigation beef heart, goat blood, rabbit and cat tissues, and human secretions were used. Unless otherwise stated, the method of extraction was always the same. The tissue or organ was obtained as free from blood as possible. The animals were first exsanguinated and the tissues were washed with saline solution, free from visible traces of blood. The material was then weighed, maceratedin to small bits, suspended in nine times its weight of saline solution, shaken thoroughly, and placed in the ice box over night. The following day the extract was centrifugalized and filtered through a Berkefeld candle. After testing for sterility the extracts were ready for use.
The effect of these extracts was tested by adding graded amounts to nutrient broth or agar, or to phosphate peptone agar and inoculating with small amounts of culture suspensions. The tubes were incubated at 37°C. and observations were made daily for several days. Control tubes without extract were always used.
The following organisms were tested: z gonococcus, meningococcus (one para, one regular), Pneumococcus Type I, Streptococcus hcemolyticus, Bacillus diphtheri(e, Bacillus pertussis, Bacillus influenz¢~.
I Cultures of B. typhosus and of the Shiga and Flexner varieties of B. dysenteri~ were included in the early experiments, but as no differences were observed between the growth on the control media and on those containing the extracts, they were later excluded.
To avoid the error that would result from carrying over vitamines with the bacterial mass, small inocula were used. Usually 0.1 cc. of a 24 hour broth culture was suspended into 5 cc. of peptone or saline solution, and of this suspension 0.1 cc. was used for inoculating broth tubes and a 4 ram. loop for the agar slants. Before making the suspensions the cultures were first diluted to a turbidity corresponding to a 24 hour broth culture of the pneumococcus.
Results.
Most of the experiments reported below were repeated from one to four times. Either broth or agar media or both were used. As a rule (when the size of the inoculum was just right), the effect of the extract was manifested both by the earlier appearance and greater abundance of the growth. The extracts, with few exceptions, influenced favorably the growth of all the bacteria studied, and the effect varied with the amount of extract added.
Effect of Beef Heart Extract.--The following is a typical experiment with beef heart extract. The extract was prepared from fresh beef heart in the manner outlined, and varying amounts were added to tubes containing 5 cc. of nutrient broth. The results are shown in Table I . Similar results were obtained with the use of agar as a base. * The plus signs indicate the presence and relative abundance of growth. t Inoculations of the influenza bacillus were made with a 4 ram. loop direct from blood broth cultures; small amounts of blood were thus carried over, but not enough to permit growth in plain broth.
Effect of Extracts of Various Organs and Tissues of the Rabbit and
Cat.--A uniform procedure was employed in the following experiments.
The animal was etherized, exsanguinated, and the organs or tissues were removed aseptically to sterile Petri dishes. The extracts were made as described. With stomach or intestinal mucosa the organs were first washed free of fecal matter, the mucosa was then scraped off with a scalpel and suspended in nine times its weight of saline solution. Extracts from tissues of four rabbits and one cat were tested in the course of the experiments. The method of testing was the same as that described above.
The results were str~klngly uniform. When 1 cc. of the extracts was added, no differences in effect were discernible. Extracts of all the tissues tested had a decidedly stimulating action on the growth of the various test organisms. However, when smaller amounts of the extract were added, certain fairly constant differences were observed. Extracts of liver and stomach mucosa were more effective than those of other tissues, while those of brain and muscle were less so. The influence of other tissue extracts was practically the same. They had somewhat different effects on different bacteria, but that may have been due to the error in technique which is considerable. Table II gives the results obtained in one series of tests. It is difficult to summarize the data. Attention can only be called to some of the points which cannot be tabulated. The differences between the tubes containing larger and those containing smMler amounts of the extract were always more marked after 24 than after 48 hours. Not only were the colonies on the slants of the former more numerous, but they were, as a rule, larger. The pneumococcus showed a strikingly different behavior on spleen extract agar than on the others. On the former medium autolysis usually occurred 24 to 48 hours after it had appeared in all the other tubes. Bacillus influenzce failed to grow on any of the media until a trace of blood was added. When a drop of a saline suspension of red cells was added to the slant, the growth was practically the same in all the tubes. The results with the gonococci were extremely variable. Even under favorable conditions growth is much slower than that of any of the organisms tested. As a rule, 3 to 4 days elapse before fair sized colonies appear. By that time the tubes are apt to be dry, and moisture is essential for their growth. They did, however, grow as well on agar containing 0.1 cc. of the extracts as on sheep serum glucose agar. 
Growth Accessory Substances in Extract of Mucosa of Various
Organs.
--The interesting fact brought out by the previous experiments Was that extract of stomach mucosa stimulated the growth of bacteria more actively than those of other tissues. It was of interest to note whether extracts of other mucosa would have a similar effect. It was also anticipated that these extracts might show some specific selective action• Tests were made with nasopharyngeal, stomach, intestine, and genitourinary mucosa. The usual method of extraction and testing was employed. The results showed clearly that extracts of all the rnucosa tested had a favorable effect on growth. No conclusion could be drawn from these experiments regarding their specificity, because of the large element of error involved in the technique.
Growth Accessory Substances in Cat Tissues.--The object of these tests was to determine whether there was any marked difference in the distribution of the growth accessory substances in different animals. The extracts were made and tested in the usual manner. The only difference in technique was the use of peptone phosphate agar and peptone phosphate broth in place of the beef infusion medium. The former furnished a vitamine-free base, and the effects of the extracts were brought out more strikingly than when infusion media were used. Otherwise the results were essentially the same as those obtained with rabbit tissue extracts. As was previously noted, the autolysis of the pneumococcus occurred later on liver and spleen extract media than on the others. The results are shown in Table  III . Effect of Tissue Extracts on Lag.--The phenomenon of lag is of practical as well as theoretical interest. It has been studied extensively by a number of workers, among them Mtiller, Penfold, and Cheshey. The most carefully worked out theory explaining this phenomenon is that advanced by Chesney. He believes that lag represents the time necessary for the bacterial cells to recover from injury.
It seemed of interest to determine the effect of the extracts on the lag phase, or, in other words, the influence of growth-stimulating substances on the speed of cell recuperation. Beef heart and rabbit tissue extracts were used. The streptococcus and pneumococcus served as the test cultures, because of the ease with which they can Tables IV, V , and VI. These tables show clearly that beef heart and rabbit tissue extracts have a decided influence on bacterial lag, and, moreover, that the effect varies with the amount of extract added. The smaller the amount of extract, the longer is the lag phase; and when the concentration of the accessory substances is too low, the results are the same as in the broth controls.
Although this is not a study of lag, the bearing of these experiments on the explanation of this phenomenon should be noted. The fact that even under favorable conditions there is a quiescent period before active growth commences, confirms Chesney's assumption of recuperative adaptation. It appears, however, that recuperation is not possible unless some substances are present which favor the active initiation of growth. Ordinarily this is apparently supplied by the disintegrating cells. This interpretation would account for the need of heavy inocula for successful transplants of cultures.
Besides throwing some light on the lag phenomenon, these experiments confirm the fact that the tissue extracts contain some substances favorable to bacterial growth. All of them in certain concentrations convert an unfavorable substrata where growth does not occur into a favorable one. This effect is produced in the case of rabbit heart and stomach extracts by the addition of only 0.1 cc., while in the case of muscle extract of the same animal a larger amount must be added to obtain that result. The influence of the extract must, therefore, depend on the concentration of some substance or substances in them. Whatever the nature of these substances, it is of interest to note that they are present in lesser concentration in extract of muscle than in that of heart or stomach mucosa.
]~ffect of Nasal Secretions on Growth of Bacleria.--Shearer has re-
ported experiments showing the stimulating action of nasal secretions, on the growth of the meningococcus. It seemed worth while, in view of the results recorded above, to confirm and possibly extend these observations. The tests were limited to nasal washings and saliva.
The first tests were made with nasal secretions. These were mainly confirmatory of the work of Shearer. The secretions were obtained by blowing the nose into strips of sterile gauze. These were put into saline solution or alcohol, and kept for 3 days. The saline extract was divided into two parts, one of which was filtered through a Berkefeld candle, while the other was autoclaved. The alcoholic extract was desiccated to dryness, and then taken up in saline solution.
These extracts were added in 1 cc. and 0.5 cc. amounts to tubes containing 10 cc. of glucose agar and 1 cc. of sheep serum, and plates were poured. The plates were sown with broth suspensions of meningococci; blood and serum plates served as controls. Both saline extracts Were superior to the alcoholic extract, though the latter improved the growth as compared with the serum plate. The filtered extract was more effective than the heated one. In no case was the growth so good as on the blood agar plate. The results showed clearly that the nasal mucus contains some substance which favors growth.
The subsequent experiments were modified with a view to determining whether pathogenic bacteria were capable of growing in the GROWTH  ACCESSORY  SUBSTANCES  FOR BACTERIA secretions, and, if so, whether there was any difference in their ability to do so. For this purpose saline washings of the nose of apparently normal individuals as well as saliva were used; 50 cc. of warm saline solution were used for each washing, These were collected in sterile bottles, filtered through a Berkefeld candle, tested for sterility, and tubed in 2 cc. amounts in small test-tubes. The saliva was collected in the course of the day, filtered through a Berkefeld candle, and tubed in the same way.
Growth in Nasal Washings.--The nasal washings of five adult individuals and one rabbit were used. The washings were all ob- tained on the same day and treated in the same manner. The inoculations were made by diluting 0.1 cc. of a 6 hour broth culture in 5 cc. of broth and adding 0.1 cc. of the suspension to each tube. Growth was determined by turbidity and checked by means of Gram-stained films. The results are shown in Table VII .
The washings were made as nearly as possible in the same manner. The rest of the procedure was identical. The same cultures were used for inoculating all the tubes. Yet there were marked individual and specific differences. A given organism grew in the washings of one individual and not in those of another. Chemical tests revealed no differences in the washings. They were all slightly acid when fresh, but reverted to alkalinity on standing (probably due to a loss of carbon dioxide). No amino nitrogen and only a trace of nitrogen could be detected in 5 cc. of the washings. Reduction tests for glucose were also negative. Nevertheless they offered a favorable substrate for growth while saline controls were negative. No growth appeared in the saliva tubes. Evidently the nasal secretions of some individuals contain substances which actively stimulate growth, while saliva does not.
Relative Effect of Saline and Ether Extracts.--To ascertain the relative importance of the water-soluble and fat-soluble fractions, corn- 
B. pertussis.
Normal.
parative tests were made with saline and ether extracts. Blood clot was used for this experiment; it is rich in vitamines and has a markedly stimulating effect on the growth of bacteria. Equal portions of blood clot, from which the serum had been completely removed by centrifugalization, were weighed out. One portion was suspended in ten volumes of saline solution, the other in ten volumes of alcohol ether (1:3). The alcohol was added first to desiccate the clot and the ether was then added. The saline extract was filtered through a Berkefeld candle. The ether extract was decanted, evaporated nearly to dryness under suction, and the residue taken up in an amount of saline solution equal to the original volume. Media containing these extracts were then prepared. This time a peptone phosphate solution was used as a base in place of nutrient broth to eliminate all traces of vitamines from other sources. 1 cc. of the respective extracts, as well as a mixture of the two, was added to tubes containing 5 cc. of the peptone solution. These were inoculated in the usual manner and incubated at 37°C.
The results are tabulated in Table VIII . It is evident that. the saline extract contains some substances which favor the growth of bacteria, while the ether extract is practically devoid of them. Moreover, inoculations of the various organisms made into the extracts directly failed to give growth. Neither the extract alone nor the peptone alone was capable of supporting growth. The two together constituted a favorable medium. Similar results were obtained with saline and ether extracts of beef heart. Nature of the Growth Accessory Substances in These Extracts.--The question naturally arises: To what is the favorable effect of these extracts due? Is the improvement of the medium attributable to the addition of food accessory substances or merely to an enrichment in its nutritive quality? This question is naturally difficuh to answer, but some experiments have been made which indicate that we are dealing with a vitamine stimulation.
1. If the effect of the extracts is the result of a high content of nutritive substances, bacteria should grow abundantly in them. Tests showed that although moderate growth occurred in the concentrated extracts, none appeared when the extract was diluted five times with saline solution.
2. It has been assumed that the addition of serum enhances the value of the medium, because of the "native" protein. The proteins of the extract were precipitated with alcohol and removed by centrifugalization. The supernatant fluid freed from the alcohol by evaporation under vacuum had the same effect as the original extract.
3. There is some contradiction in the literature regarding the heat stability of vitamines, but it is generally agreed that high temperatures partially or completely destroy these substances (Chick and Hume) . On the other hand, amino-acids or carbohydrates, the essential nutritive substances for bacteria, are not affected by heat.
Extracts were prepared in different ways, by employing heat, and the effect on growth was compared with those prepared at the ice box temperature. Lean fresh beef heart was used. Equal weights were macerated and taken up with nine volumes of saline solution. These suspensions were treated respectively as follows: (1) kept in ice box over night and steamed in an Arnold sterilizer for 1 hour;
(2) kept in ice box over night and filtered through a Berkefeld candle; (3) kept at 55°C. over night and heated in an Arnold sterilizer for 1 hour; (4) kept at 55°C. over night and filtered through a Berkefeld candle; (5) extracted by boiling for 1 hour and sterilized in an Arnold sterilizer for 1 hour; (6) extracted by boiling for 1 hour.
The relative effect of these six extracts was tested in the usual way. The results with the agar slants were more striking than those obtained with the broth and are shown in Table IX . The results shown in Table IX indicate dearly that heat destroys to some extent the substances which favor bacterial growth. Extracts prepared at ice box temperature or at 55°C. are superior to those obtained by heating, and the longer the heating, the less effective are the extracts. The fact that these substances are heat-labile supports the view that they belong to the class of growth accessory substances.
SUMMARY.
The growth of all the pathogenic bacteria studied was favorably influenced by the addition of small amounts of tissue extracts.
Beef heart, rabbit and cat tissues, and human nasal secretions contain substances favorable to the growth of the organisms tested. The mucosa of different organs, spleen, liver, and kidney, are relatively rich in these substances, while muscle is relatively poor. The favor-able effect of the extracts is manifested by an enhancement of growth and a reduction of lag.
The water-soluble substances are apparently the ones essential for bacterial development; the ether extract has no effect on growth.
Experiments are reported which indicate that the substances in question belong to the class of so called vitamines.
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